Neutrosophic Sets and Systems
Volume 52 Article 46

12-1-2022

Application of Neutrosophy in the Study of the Factors that
Influence Ecuadorian Tourism Development

Sharon Diznarda Alvarez Gémez
Universidad Regional Auténoma de Los Andes, dirfinanciera@uniandes.edu.ec

Ariel José Romero Fernandez
Universidad Regional Auténoma de Los Andes, dir.investigacion@uniandes.edu.ec

Manuel Ricardo Rivas Bravo
Universidad Regional Auténoma de Los Andes, direcciontyg@uniandes.edu.ec

Follow this and additional works at: https://digitalrepository.unm.edu/nss_journal

Recommended Citation

Goémez, Sharon Diznarda Alvarez; Ariel José Romero Fernandez; and Manuel Ricardo Rivas Bravo.
"Application of Neutrosophy in the Study of the Factors that Influence Ecuadorian Tourism Development.”
Neutrosophic Sets and Systems 52, 1 (2022). https://digitalrepository.unm.edu/nss_journal/vol52/iss1/
46

This Article is brought to you for free and open access by UNM Digital Repository. It has been accepted for
inclusion in Neutrosophic Sets and Systems by an authorized editor of UNM Digital Repository. For more
information, please contact disc@unm.edu.


https://digitalrepository.unm.edu/nss_journal
https://digitalrepository.unm.edu/nss_journal/vol52
https://digitalrepository.unm.edu/nss_journal/vol52/iss1/46
https://digitalrepository.unm.edu/nss_journal?utm_source=digitalrepository.unm.edu%2Fnss_journal%2Fvol52%2Fiss1%2F46&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalrepository.unm.edu/nss_journal/vol52/iss1/46?utm_source=digitalrepository.unm.edu%2Fnss_journal%2Fvol52%2Fiss1%2F46&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalrepository.unm.edu/nss_journal/vol52/iss1/46?utm_source=digitalrepository.unm.edu%2Fnss_journal%2Fvol52%2Fiss1%2F46&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:disc@unm.edu

3 €Y
\Tb& Neutrosophic Sets and Systems
{Special Issue: Neutrosophic in Latin America, progress and perspectives}, Vol. 52, 2022

University of New Mexico
NI y =

Application of Neutrosophy in the Study of the Factors
that Influence Ecuadorian Tourism Development

Sharon Diznarda Alvarez Gémez?, Ariel José Romero Fernandez? and Manuel Ricardo Rivas
Bravo®

tUniversidad Regional Auténoma de los Andes, Matriz Ambato. Ecuador. E-mail: dirfinanciera@uniandes.edu.ec
2 Universidad Regional Auténoma de los Andes, Matriz Ambato. Ecuador. E-mail: dir.investigacion@uniandes.edu.ec
3 Universidad Regional Auténoma de los Andes, Matriz Ambato. Ecuador. E-mail: direcciontyg@uniandes.edu.ec

Abstract. Tourism worldwide is one of the most important sectors of the economy, taking into account the sources of employ-
ment it generates, as well as the growth of world GDP, which is why it occupies one of the main measures of sustainable devel-
opment in the countries. Ecuador is one of the countries with the greatest biodiversity on the planet, and it has kept an increase
in the arrival of tourists in recent years due to its natural wonders, which include visits to beaches, snow-capped mountains, and
even excursions to jungle areas. It is worth mentioning that in all destinations you can appreciate biodiversity in all its splendor.
The objective of this scientific paper is to carry out a study of the main factors that influence the development of Ecuador as a
tourist destination. Two neutrosophic methods were used for this: (Neutrosophic AHP and DEMATEL) due to their versatility
in decision-making and expert criteria processing. The conclusions reached indicate that the factors that need more attention are
the prices in the tourist packages and the security of the tourist destination, its correct treatment will guarantee to turn Ecuador
into a sustainable tourist destination.

Keywords: Tourism, Ecuador, Neutrosophy, AHP, DEMATEL.

1. Introduction

Ecuador is an important pillar in the tourist development of the Americas. The tourism sector has become a
key structure that guarantees one of the four main foreign exchange contributions to the country's economic de-
velopment. This situation motivates and drives a constant spirit of creativity, innovation, and entrepreneurship
towards new ways and means of maintaining and improving this tourism development. It is a mega-diverse country
and, without a doubt, one of the richest on the planet, thanks to its great contrasts; in its small territory, they
combine four natural regions: Galapagos, Coast, Andes, and Amazon that offer an immensity of soils, climates,
mountains, moors, beaches, islands and jungles that are home to thousands of species of flora and fauna [1, 2].

In its provinces, you can find 10,000 species of plants, 8,200 plant species, of which 2,725 belong to the group
of orchids, 1,640 species of birds, 4,500 butterflies, 345 reptiles, 358 amphibians, and 258 mammals, etc. To
preserve this natural wealth, Ecuador has a heritage of 49 State Protected Areas. UNESCO has recognized the
natural wealth of the country, declaring the Marine Reserve, the Galapagos National Park, and the Sangay National
Park as "Natural Heritage of Humanity" and cities such as Cuenca and Quito as World Heritage Sites.

One of the most important tourist attractions in the country is the Galapagos Islands, they are unique in the
world because they have beautiful beaches and a spectacular climate where you can enjoy accommodation services,
food and beverages, transportation, operation, brokerage, hot springs, spas, bowling alleys, skating rinks, race-
tracks and recreation centers, which allows national and international tourists to enjoy this wonderful place [3, 4].
In addition, it constitutes one of the largest, most complex, diverse, and best-preserved oceanic archipelagos in
ecological terms that currently exist on the planet, it is considered the second largest marine reserve in the world
behind the Australian Great Barrier Reef.

2 Neutrosophy

2.1 General aspects of neutrosophy

In this paper, Neutrosophy will be used as a calculation tool. Neutrosophy is the branch of philosophy that
studies the origin, nature, and scope of neutralities. Logic and Neutrosophic Sets are generalizations of other the-
ories, such as fuzzy sets, intuitionistic fuzzy sets, and interval-shaped fuzzy sets, among others [5].
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The use of Neutrosophic Sets allows, in addition to the inclusion of membership functions of truth and false-
hood, also membership functions of indeterminacy. This indeterminacy is due to the existence of contradictions,
ignorance, and inconsistencies, among other causes due to lack of information, contradictory information, and
inconsistent paradox, among others. Neutrosophic logic is a generalization of fuzzy logic based on the concept of
Neutrosophy. A neutrosophic matrix, on the other hand, is a matrix where the elements a = (a;;) have been replaced
by elementsin  {(RUl) , where <RuUIl) is an integer neutrosophic ring.

On the other hand, the technique known as AHP (Analytic Hierarchy Process): is an easy-to-apply and effec-
tive method, which allows alternatives to be sorted, according to an order calculated from the evaluation of a group
of experts. This evaluation is carried out using a scale where the relative relationships between criteria, sub-criteria,
and finally the alternatives are evaluated.

Neutrosophic AHP has several advantages over classical AHP, for example, it presents the user with a richer
structure framework than classical AHP, fuzzy AHP, and intuitionistic fuzzy AHP. It describes the expert's judg-
ment values efficiently handling vagueness and uncertainty about the fuzzy AHP and the intuitionistic fuzzy AHP
because it considers three different degrees: degree of membership, degree of indeterminacy, and degree of non-
membership. Another advantage is that it is calculated from linguistic terms, which allows more natural commu-
nication with experts.

The method known as DEMATEL (DEcision MAking Trial and Evaluation Laboratory): especially the neu-
trosophic DEMATEL method, consists of the formation of matrices that include expert evaluations of the cause-
effect relationship of a set of selected criteria or factors. The result is a graph where the importance as a cause and
as an effect of each of the factors is measured. The neutrosophic DEMATEL includes calculus with neutrosophic
sets.

The DEMATEL neutrosophic method allows studying complex cause-effect relationships, where indetermi-
nacy and the use of linguistic terms will be included, which is the natural form of communication of human beings
[6]-

The objective of this paper is to carry out a study of the main factors that influence the development of
Ecuador as a tourist destination. To do this, two neutrosophic methods will be used: (Neutrosophic AHP and
Neutrosophic DEMATEL) due to their versatility in decision-making and expert criteria processing.

3 Materials and Methods

This section summarizes the definitions, theories, and methods that will be used to achieve the objective pro-
posed. The techniques known as Neutrosophic AHP and Neutrosophic DEMATEL will be applied, for which it is
necessary to start from the evaluation of a group of experts who will intervene in decision-making.

3.1 Neutrosophic AHP Saaty

In this paper, Neutrosophy will be used as a calculation tool. Neutrosophy is the branch of philosophy that
studies the origin, nature, and scope of neutralities. Logic and neutrosophic sets constitute generalizations of other
theories, such as fuzzy sets, intuitionistic fuzzy sets, and interval-shaped fuzzy sets, among others [5]. For the
description of the method it is necessary to expose the following definitions:

Definition 1: ([7, 8]) The Neutrosophic Set N is characterized by three membership functions, which are the
truth-membership function TA, indeterminacy-membership function 1A,and falsehood-membership function FA,
where U is the Universe of Discourse and VxeU, TA(X), IA(X), FA(X)c]-0, 1+[, and -0<inf TA(X)+ inf Al(x) +
inf AF(X)<sup TA(X)+ sup Al(x) + sup FA(X)<3+.

Notice that, according to the definition, TA(X), IA(x) and FA(X) are real standard or non-standard subsets of ]-
0, 1+[ and hence, TA(x), IA(x) and FA(X) can be subintervals of [0, 1].

Definition 2: ([7, 8]) The Single-Valued Neutrosophic Set (SVNS) N over U is A = {<x; AT(x), Al(x), FA(x)>:
xeU} ¢, where TA:U—[0, 1], Al:U—[0, 1], and FA:U—[0, 1], 0<AT(X) + Al(x) +FA(X)<3.

The Single-Valued Neutrosophic Number (SVNN) is represented by N = (t, i, ), such that 0<t, i, f<1 and 0<t
+i+f<3.

Definition 3: the single-valued trapezoidal neutrosophic number, a = ((ay, a;.a3,a,); a3, B, v, ), is a neutro-
sophic set on R, whose truth, indeterminacy, and falsehood membership functions are defined as follows, respec-
tively:

(15(%), a;<x<a, (2)

0, az<x<a

3 2SXsag

Tﬁ(x) ) O, /az-x
(—) ag<x<ay
az—az

0, otherwise
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((aamx+Bax-a)

a; <x<a,
az—a; 3
L(x) B, a<x<az 3)
=(X) = ’
‘ (X—az+ﬁ§(a3—x)) <y <
az—ay ) a3 SXs 34
1, otherwise
- + '~ -—
(azmxtrgteman) al)), a; <x<a,
@
Vs A <x<ag
Fa(x) = 4
“ (x—az+y§(a3—x))
—*, az3<x<a,
az—az
1, otherwise

Where (15,[35,“{5 € [0, 1], dq, dp,dsz, Ay € Rand dq < dp < ds < dg.

Definition 4: ([7-10]) given & = ((aj,a,,33,24); @3, B, v5) and b = ((by, by, bs, by); 0, By, v5) two single-
valued trapezoidal neutrosophic numbers and A any non-null number in the real line. Then, the following opera-
tions are defined:

1. Addition:d+b = ((a; +by,a; + by, a3 +bs,a, +by); oz Aoy, B,V B v, VYg)

2. Subtraction: 3 —b = ((a; —by,a, — bz, a3 — by, a, — by); 05 Aag, By V B v, V 1E) (5)
3. Inversion: a™' = ((a, 7", a37",a,7, a7 1); a5, By, v5), Where ag, ay,a5,a, # 0.

4. Multiplication by a scalar number:

- {((Xal,kaz,ka3,ka4);ag, Byuvsh A>0

((Aay, hag, A, Aag); 05, B, v5),  A<0
Definitions 3 and 4 refer to single-valued triangular neutrosophic numbers when the condition a2 = a3. For
simplicity, we use the linguistic scale of triangular neutrosophic numbers, see Table 1 and also compare it with the
scale defined in [11]. The Analytical Hierarchy Process was proposed by Thomas Saaty in 1980 [12], [23]. This
technique models the problem that leads to the formation of a representative hierarchy of the associated decision-
making scheme. The formulation of the decision-making problem in a hierarchical structure is the first and main
stage. This stage is where the decision-maker must break down the problem into its relevant components [13], [22].
The hierarchy is constructed so that the elements are of the same order of magnitude and can be related to some of
the next levels. In a typical hierarchy, the highest level locates the problem of decision-making. The elements that
affect decision-making are represented at the intermediate level, the criteria occupying the intermediate level. At
the lowest level, the decision options are understood. The levels of importance or weighting of the criteria are
estimated using paired comparisons between them. This comparison is carried out using a scale, as expressed in
equation (6) [14].

5=

In [11] is the theory of the AHP technique in a neutrosophic framework. Thus, we can model the indeterminacy of
decision-making by applying Neutrosophic AHP or NAHP for short. Equation 7 contains a generic neutrosophic
pair-wise comparison matrix for NAHP.

111 (6)
) 7I 5 ’ 3 ’ 1I3’5l7I9}

Ol -

A= -~ i @)
The matrix must satisfy the condition &;; = ]1, based on the inversion operator of Definition 4.

To convert neutrosophic triangular numbers into crisp numbers, there are two indexes defined in[11], they
are the so-called score and accuracy indexes, respectively, see Equations 8 and 9:

®)
©)

1
S(@) = gla; +az +a3](2+ 0a—P, —7,)

A@) = %[a1 +a, + a3](2 +az—B; + Ya)
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Saaty's scale Definition Neutrosophic Triangular Scale

1 Equally influential 1= ((1,1,1);0.50,0.50,0.50)
3 Slightly influential 3= ((2,3,4);0.30,0.75, 0.70)
5 Strongly influential = ((4,5,6);0.80,0.15,0.20)
7 Very strongly influential = ((6,7,8);0.90,0.10,0.10)
9 Absolutely influential = ((9,9,9);1.00,1.00,1.00)
2,4,6,8 Sporadic values between two close scales ((1,2,3);0.40,0.65,0.60)

((3,4,5); 0.60,0.35, 0.40)
((5,6,7);0.70,0.25,0.30)
= ((7,8,9);0.85,0.10,0.15)

001 OV WS B WO NI LU
Il

Table 1: Saaty's scale translated to a neutrosophic triangular scale.

Step 1 Select a group of experts.

Step 2 Structure the neutrosophic pair-wise comparison matrix of factors, sub-factors, and strategies, through
the linguistic terms shown in Table 1.

The neutrosophic scale is attained according to expert opinions [15]. The neutrosophic pair-wise comparison
matrix of factors, sub-factors, and strategies are as described in Equation 7.

Step 3 Check the consistency of experts' judgments.

If the pair-wise comparison matrix has a transitive relation, i.e., aix = ajajk for all i,j, and k, then the comparison
matrix is consistent, focusing only on the lower, median, and upper values of the triangular neutrosophic number
of the comparison matrix.

Step 4 Calculate the weight of the factors from the neutrosophic pair-wise comparison matrix, by transforming
it to a deterministic matrix using Equations 10 and 11. To get the score and the accuracy degree of &j; the following
equations are used:

s(a;) = 1/5(5”) (10)
A(E;) = 1/A(5i]_) (11)

With compensation by the accuracy degree of each triangular neutrosophic number in the neutrosophic pair-
wise comparison matrix, we derive the following deterministic matrix:

1 a12 eee alnl

dn1 an2 1

Determine the ranking of priorities, namely the Eigen Vector X, from the previous matrix:

(12)
A=

1. Normalize the column entries by dividing each entry by the sum of the column.
2. Take the total of the row averages.

Note that Step 3 refers to considering the use of the calculus of the Consistency Index (CI) when applying
this technique, which is a function depending onAmax, the maximum eigenvalue of the matrix. Saaty establishes

Amax—1

that consistency of the evaluations can be determined by equationCI = T[lG], where n is the order of the

matrix. In addition, the Consistency Ratio (CR) is defined by the equation CR = CI/RI, where Rl is given in Ta-
ble 2.

Order(n) 1 2 3 4 5 6 7 8 9 10
IR 0 0 052 0.89 111 1.25 1.35 1.40 1.45 1.49

Table 2: RI associated with every order.

If CR<0.1 it can be assumed that the experts' evaluation is sufficiently consistent and hence we can proceed to
use NAHP. We apply this procedure to matrix A in Equation 12.

3.2 Neutrosophic DEMATEL

Definition 1 ([17]) Let X be a space of points (objects) with generic elements in X denoted by x. A single-
valued neutrosophic set (SVNS) A in X is characterized by the truth-membership function TA (x), indeterminacy-
membership function IA (x), and falsehood membership function FA (x). Then, an SVNS A can be denoted by A
= {x, TA(X), IA(X), FA(X) x € X}, where TA (x), IA (x), FA (x) € [ 0, 1] for each point x in X. Therefore, the sum
of TA (x), IA (x) and FA (x) satisfies the condition 0 < TA (x) + IA(x) + FA(x) <3 [18, 28, 29, 30].
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Definition 2 ([19]) Let Ex =(Tk, Ik, Fk) be a neutrosophic number defined for the rating of k-th decision
maker. Then, the weight of the k-th decision maker can be written as:

Wy = 11T (D)) 2+ () 2 +(F(0))?1/3 (13)
kR VIA-Tk )2+ ) 2+ (F())2/3

Further, in achieving a favorable solution, group decision-making is important in any decision-making pro-
cess. In the group decision-making process, all the individual decision-maker assessments need to be aggregated
into one aggregated neutrosophic decision matrix. This can be done by using a single-valued neutrosophic
weighted averaging (SVNWA) aggregation operator proposed by Ye [20], [27].

Definition 3 ([20]) Let D ®=(d;®)mxnbe the single-valued neutrosophic decision matrix of the k-th decision
maker and ¥ = (¥11,, ..., ¥,)" be the weight vector of decision maker such that each 1, € [0,1],D = (d;;)mxn
where

dyj = (1 - 2:1 (1 - Tig‘p))wk' 2:1 (Ii(jp))wk' i:1 (Fig'p))wk) (14)

Definition 4 ([19], [21]) Deneutrosophication of SVNS N can be defined as a process of mapping N into a
single crisp output for xf: N — y*eX. If N is discrete set then the vector of tetrads N = {(x | TN(x), IN(x), FN(x))
| x € X} is reduced to a single scalar quantity y*€X by deneutrosophication. The obtained scalar quantity y*€X
best represents the aggregate distribution of three membership degrees of neutrosophic element TN (x), IN (x), FN
(x). Therefore, deneutrosophication can be obtained as follows.

P = 1= I = Te(x))? + U ()2 + (F(x))?1/3 (15)

Decision-making normally involves human language (commonly referred to as linguistic variables). A lin-
guistic variable simply represents words or terms used in human language. Therefore, this linguistic variable ap-
proach is a convenient way for decision-makers to express their assessments. Ratings of criteria can be expressed
by using linguistic variables such as very influent (\VI1), influent (1), low influent (LI), not influence (NI), etc.
Linguistic variables can be transformed into SVNSs as shown in Table 1.

Integer Linguistic variable SVNNs
0 No influence / Not important (0.1,0.8,0.9)
1 Low influence/important (0.35,0.6,0.7)
2 Medium influence/important (0.5,0.4,0.45)
3 High influence/important (0.8,0.2,0.15)
4 Very high influence/important (0.9,0.1,0.1)

Table 3: Linguistic variable and Single Valued Neutrosophic Numbers (SVNNs) [19].

DEMATEL (Decision Making Trial and Evaluation Laboratory) is a technique developed in 1972 by Fontela
and Gabus at the Geneva Research Center of the Battelle Memorial Institute [18],[19], [24], [26]. Basically, the
steps to apply DEMATEL in its neutrosophic variant are listed below using the steps outlined below and can be
found in more detail at [17].

= I|dentify the factors or elements to be analyzed: Through the application of various information collection
techniques, a universe of factors or elements of interest can be obtained to be evaluated by the selected
method.

= Determine the relative importance of the experts: The group of experts selected for the analysis may have
their own importance values according to different circumstances of interest, such as the level of experi-
ence and knowledge in the decision problem. In this sense, the weight of each decision-maker may be
different from that of other decision-makers. The weight of each decision-maker is considered with lin-
guistic variables and is transmitted in SVNN.

= Get individual evaluations from experts. The experts are then asked to evaluate the direct influence be-
tween the factors through paired comparisons, using the score shown in Table 1.

= Convert the linguistic evaluations given by the experts in SVNN: From the individual sharp integer ma-
trices obtained from the evaluations of the experts, the individual neutrosophic matrices of the decision-
makers are constructed according to what is indicated in Table 1.
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= Obtain the initial direct relationship matrix: To obtain the initial direct relationship matrix that is in the
form of sharp numbers, the neutrosophic matrices of the individual decision-makers must be added and
deneutrosophicated.

= Identify cause-effect relationships between factors using the DEMATEL method: Based on the aggregate
direct relationship matrix A obtained in step 4, the total relationship matrix T can be easily calculated
using equations (4-6) as shown below [18], [25]:

where
1
T T an
And
T=Dx({I+*D)—1 (18)

I: is the identity matrix.

The values tij of the matrix T reflect the direct and indirect interdependence exerted by the row element i on
the column element j. Indirect interdependence is that which an element i can exert on another j through third
elements of the system. These indirect interdependencies emerge when matrix X is raised to successive powers.

Obtain the Causal Prominence-Relationship Diagram. In this step, the vectors R (sum of rows of T) and C (sum
of columns of T) are first calculated. Next, on the horizontal axis of the causal diagram, the “Prominence” is
defined as the vector R + C. This vector indicates the importance or relevance of each element of the system. The
higher the value of R + C, the greater the prominence of the element. A high value of R 4+ C indicates that an
element:

a) influences a lot on other elements,

b) receives a lot of influence from other elements,

c) influences and is influenced in a balanced way, so the sum of both concepts is high.

If R + C is low, the element is of little "prominence" because both types of influence are low. On the vertical axis,
the “Ratio” is defined as the RC vector. This vector establishes the net influence of each element. If RC > 0 indi-
cates that the element influences more than it is influenced. This element would be the “cause” (influencer/driver)
of influence. If RC < 0, it indicates that the element receives more influence than it emits, so it is considered an
“effect” (influenced/receiver). Taking these values, a relationship map (R + C, RC) can be created [20], [21].

4 Results and Discussion

In this section, the identification of factors that influence tourism development in Ecuador will be carried out,

which are shown below:

1. Formality in tourist services (F1)

2. Adequate tourist promotion and diffusion (F2)

3. Appropriate basic services (F3)

4. The prices of tour packages (F4)

5. Security in the tourist destination (F5)

6. Natural or anthropogenic phenomena (F6)

7. Infrastructure in health services (F7)

8. Promotion of tourist culture (F8)

9. Competent staff with a high degree of knowledge (F9)

10. Tourist attractions offered by the destination (F10)

Once the different previous factors have been identified, the aforementioned techniques will be applied, as
follows: with the AHP Neutrosophic method, the weights of the different influencing factors in Ecuadorian tourism
development are determined.

't::rcs F1 F2 F3 F4 F5 F6 F7 F8 Fo F10
(67809 o o0 (678009 (67809 (45608 (67809 (67809 (67809 (6780
F1 1 0,0.10,0.10 DA 0,0.10,0.10 0,0.10,0.10 0,0.15,0.20 0,0.10,0.10 0,0.10,0.10 0,0.10,0.10 90,0.10,0.
0.10,0.10)
) ) ) ) ) ) ) 10)
B0 (23403 (456008 (456)08 (23403 (456008 (456)08 ((456)08  ((456)0.
F2 0 10 0 1 0,0.75,0.70  0,0.15,0.20  0,0.15,0.20  0,0.75,0.70  0,0.15,0.20  0,0.15,0.20  0,0.15,0.20 80,0.15,0.

10 ) ) ) ) ) ) ) 20)
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Fac-

rore F1 F2 F3 Fa F5 F6 F7 F8 F9 F10
B 080 U(@34)0 (456008 (234103 (456008 (456008 (234)03 ((456)08  ((234)0.
F3 . .30,0.75,0. i 0,0.15,0.20 0,0.75,0.70 0,0.15,0.20 0,0.15,0.20 0,0.75,0.70 0,0.15,0.20 30,0.75,0.
,0.10,0.
10, 70) ) ) ) ) ) ) 70)
B 080 V(@SS 1(456)0 (LLDOS  (LL0S  (234)03 (23403 (234103  ((234)0.
Fa4 . .80,0.15,0. .80,0.15,0. i 0,0.50,0.50 0,0.50,0.50 0,0.75,0.70 0,0.75,0.70 0,0.75,0.70 30,0.75,0.
,0.10,0.
10, 20) 20) ) ) ) ) ) 70)
éﬁ‘.ﬁfgfo’ UW@E56)0 (@340 L0 (LLD05 (23403 (23403 (23403  ((234)0.
F5 0 ’10 0 .80,0.15,0. .30,0.75,0. .50,0.50,0. i 0,0.50,0.50 0,0.75,0.70 0,0.75,0.70 0,0.75,0.70 30,0.75,0.
0.100. 20) 70) 50) ) ) ) ) 70)
10)
g‘_g‘é% WEIA0  U@A560  UEALLD0  LHL11)0 i (L1105 (45608 ((LLL05  ((L11)0.
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Table 4: Neutrosophic AHP paired matrix. Source: own elaboration.

Factors F1 F2 F3 F4 F5 F6 F7 F8 F9 F10  Weight
F1 044 0.72 0.58 0.33 0.38 0.27 0.27 0.26 0.23 0.26 0.34
F2 0.06 0.10 0.19 0.23 0.27 0.14 0.19 0.19 0.16 0.21 0.17
F3 0.06 0.04 0.08 0.23 0.13 0.29 0.19 0.09 0.16 0.12 0.14
F4 0.08 0.02 0.01 0.04 0.05 0.05 0.09 0.09 0.08 0.12 0.08
F5 0.06 0.02 0.03 0.05 0.05 0.05 0.09 0.09 0.08 0.12 0.08
F6 0.09 0.04 0.01 0.05 0.05 0.05 0.03 0.17 0.03 0.04 0.06
F7 0.06 0.02 0.01 0.02 0.02 0.06 0.04 0.06 0.03 0.04 0.03
F8 0.06 0.02 0.03 0.02 0.02 0.01 0.04 0.03 0.16 0.04 0.04
F9 0.06 0.02 0.01 0.02 0.02 0.06 0.04 0.01 0.03 0.04 0.03

F10 0.06 0.02 0.03 0.02 0.02 0.02 0.04 0.04 0.03 0.04 0.03

Table 5: Determination of weights of the criteria applying the Neutrosophic AHP method

Criteria AxWeights Approximate eigenvalues
F1 4.97 13.10022024
F2 2.08 12.04701762
F3 1.55 11.42619663
F4 0.63 10.67475612
F5 0.66 10.88168554
F6 0.66 11.57857201
F7 0.35 10.09006268
F8 0.46 10.80851719
F9 0.32 10.74705897

F10 0.35 11.25772836

Eigenvalue = 5.400855

Table 6: Analysis of the consistency of the paired matrix

The analysis of the consistency of the method exposed that the most influential factors in the development of
tourism in Ecuador are the formality in tourist services, mainly in lodging, since it is very common for natural
persons to offer lodging services in which a part of their property, or they also offer shared rooms that were not
agreed with the client, it is also evident in the intermediation through recruiters, to offer transportation or tourist
guidance. Also, adequate dissemination and promotion of the benefits that the tourist destination has, since most
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of the clients are loyal through social networks, making the client fall in love through the internet ensures an
excellent tourist season.

Other important factors are having appropriate services for the population, bearing in mind that if these services
are insufficient, not only the population is affected, but also the tourists, since all services are aimed at them, and
when there are inconveniences with respect to these services, tourist demand weakens, the price of tourist packages,
since it is very important to know what services the reservation includes if the package is all-inclusive, how many
services are integrated into the package, etc. since they mark consumption decisions. The security of the destination
and that foreigners like to explore and walk through the streets of the city when there are murders that intimidate
tourists who prefer to stay in the hotel or simply not return to the country.

After selecting the five most important factors, it is decided to apply the DEMATEL method, it is carried out
with the help of five decision-makers involved in providing the evaluation of the indicated factors. They were
asked to choose an integer from 0 to 4 that represented the degree of influence of one factor on another factor. The
data obtained is analyzed, for which, firstly, the evaluation matrices of each of the decision-makers are obtained.
Tables 7, 8, 9, 10, and 11 show the comparison matrices for pairs of criteria according to the evaluations issued by
Experts 1, 2, 3, 4, and 5, respectively. Table 12 shows the weights of the decision-makers in their linguistic form
and their conversion to SVNN.

F1 F2 F3 F4 F5 F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
F1 NI VI Ml NI LI F1 NI HI HI NI MI F1 NI HI LI NI LI
F2 LI NI LI LI VI F2 LI LI HI - Ml HI F2 LI NI MI NI HI
F3  HI HI LI NI HI F3 HI HI LI NI HI F3 Ml VI NI NI VI
F4 LI HI HI NI Ml F4 LI HI VI NI MI F4 LI VI VI HI Ml
F5 VI VI Ml VI NI FS HI VI VI VI NI F5 HI  HI VI VI NI

Tables 7, 8,y 9: Evaluation made by Experts 1, 2, and 3 by pairs of factors on the degree of direct influence of the factor of the row on the
factor of the column.

F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
F1 NI VI Ml NI LI F1 NI Ml HI NI LI
F2 LI LI LI Ml HI F2 Ml NI LI LI HI
F3 VI HI LI LI Ml F3 HI VI LI HI VI
F4 LI HI VI NI Ml F4 LI HI HI NI LI
F5 HI  HI HI VI NI F5 HI Ml VI VI NI

Tables 10 y 11: Evaluation carried out by Experts 4 and 5 by pairs of factors on the degree of direct influence of the factor of the row on
the factor of the column.

Decision- Decision- Decision- Decision- Decision-
maker 1 maker 2 maker 3 mak 4 maker 5
Very im- moderately Very im- Very im- moderately
portant important portant portant important
SVNN (0.8;0.2;0.15)  (0.5;0.4;0.45)  (0.8;0.2;0.15) (0.8;0.2;0.15) (0.5;0.4;0.45)
numerical im- 0.2302 0.1548 0.2302 0.2302 0.1548
portance

Table 12: Decision-makers' weights.

After obtaining the evaluations of each expert and their relative importance, the direct relationship matrix A is
prepared:
0.0000 0.8409 0.6298 0.2375 0.5489

0.4119 0.0000 0.4978 0.5164 0.8400
A= 1(0.8040 0.8135 0.0000 0.3922 0.7706
0.3762 0.7938 0.8392 0.0000 0.6117
0.8400 0.8334 0.7923 0.8742 0.0000
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Subsequently, the normalized initial direct relationship matrix D is computed, as shown below:
0.0000 0.2518 0.1886 0.0711 0.1644
0.1233 0.0000 0.1490 0.1546 0.2515
D= |0.2407 0.2436 0.0000 0.1174 0.2307
0.1126 0.2377 0.2513 0.0000 0.1831
0.2515 0.2495 0.2372 0.2617 0.0000

Next, the total direct relationship matrix T is shown below:
0.5190 0.8604 0.7162 0.5150 0.7256
0.6491 0.6808 0.7145 0.6003 0.8042
T= 10.8184 0.9859 0.6716 0.6385 0.8850
0.6997 0.9489 0.8495 0.5125 0.8266
0.9212 1.1179 0.9772 0.8266 0.8094

Finally, after obtaining the total direct relationship matrix T, the direct and indirect effects of the factors indi-
cated can be determined by analyzing the prominence and relationship axes for the cause and effect group, as
shown in Table 13.

Ri Ci Ri+Ci Ri-Ci
F1 3.3362 3.6074 6.9436 -0.2712
F2 3.4489 45939 8.0428 -1.1450
F3 3.9994 3.9290 7.9284  0.0704
F4 3.8372 3.0929 6.9301  0.7443
F5 4.6523 4.0508 8.7031  0.6015

Table: 13: Axes of prominence and relationship

The data obtained are used for the construction of the causal diagram that is drawn in Fig. 1.

.
Ri-Ci
! F4
‘ F5
0.5
F3

0 . . — * .

2 4 6 o 8 10 L pici
-0.5
1 F2
-1.5

Figure 1: Graphical representation of the pairs (Ri+Ci, Ri-Ci)

According to table 13, the importance of the analyzed factors can be prioritized as F5>F2>F3>F1>F4 according
to the values (ri + ci), where the safety of the tourist destination is the most important factor with the value of
8.7031, while the prices of tourist packages are the least important factor with the value of 6.9301. The cause
diagram in Figure 1 shows that the prices of tour packages (F4) are the most influential factor. In short, much
attention should be paid to the group of causes rather than effects. According to the data obtained, there are only
two factors that stand out in the group of causes: the prices of tourist packages (F4) and the safety of the tourist
destination (F5). Of the two, the prices of tourist packages (F4) have the highest value (ri - ci) which means that it
tends to be the one with the greatest impact among the factors that influence the development of tourism in the
country.
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Conclusion

With the completion of this study, the following conclusions were reached: neutrosophy is a mathematical tool
applicable to many fields of study. The application of the neutrosophic version of the AHP method was carried
out to know the most influential factors in the development of the tourism sector in the country and the application
of the neutrosophic DEMATEL method to develop the cause-effect relationship between these factors. The most
important factor is the formality in tourist services, mainly in lodging services in which a part of their property is
offered, or they also offer shared rooms that were not agreed upon with the client, and also in intermediation
through recruiters to offer transportation or tourist guidance.

The DEMATEL method was applied in situations of indeterminacy through the application of linguistic vari-
ables and a neutrosophic aggregation operator. By processing the data, it was possible to determine the importance
of each factor indicated, as well as the causal and effect relationships between them. Through the construction of
the visible cause-effect relationship diagram, it was observed that there is a defined group of causal factors (F4,
F5, and F3) that are the ones that have the greatest influence on the system, while F1 and F2 constitute the effect
group. It is suggested, therefore, that the government dedicate greater efforts to mitigate the rise in prices of tourist
packages and increase the safety of the tourist destination, such as basic services of drinking water, electricity,
sewage, etc.
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